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13. Abstract (continued)

The task used was an tmaginary science. This task was easy to learn,
and no subjects had previous knowledge of the materials. It was a way of using
somewhat meaningful materials while retaining experimental control.

Computer-assisted instruction provides a means of individualizing
ingtruction with the goal of maximizing each individual's performance. To
provide information about some individual difference variables : hich may be
related to instructional sequence, certain cognitive abilities were measured.

One hundred seventy-six undergraduate education majors were given
eight tests to measure the abilities of Induction, Associative Memory, and
General Reasoning. A principal axis factor analysis followed by a varimax
rotation yielded three factors which were interpreted as clearly representing
the abilities.

Factor extension procedurcs indicated the relative loadings of the
eriterion measures on the three abilities. Induction appeared to contribute to
performance for disordered sequences of instruction, and General Reasoning for
self-selezted sequences.

Selection of one's own sequence did not produce any increase in
performance or interest; therefore, a predetermined hierarchical sequence may
achieve the desired goal as efficiently.
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CHAPTER 1
INTRODUCTION

In a traditional classroom ths teacher mediates a
subject to the students Ly selecting, organizing,
dispensing, and testing information and skills, A
one-Lo-many relationship exists between the subject matter,
mediated y the teacher, and the students. The teacher must
try to reach the largest number of students in a group as
possible., This usually means the teacher must direct the
instruction to the average student.

A goal of education is to bs able to maximize each
individial’s perfomance whether this performance be
proficiency on a task immediately following learning,
retention over a period of time, efficiency or amount
learned per unit time, the ability to transfer skills
acgquired in the learning exrerience to a new situation,
en joyment of the learning experience, or any combination of
these.

A current trend is to "individualize” instruction or
to use sach individual rather than a group as the target
unit. Whsn the individual becomes the unit, then the
instruction should be aimed at this individual rather than
to a hypothesized average student, who might or might not
coincide with the individual under consideration,

The purpose of this study is to investigate one
aspect of individualized instruction; namely the
organization and sequence of information., The relationship

1



of thea structure of ths academic learning task to the
sequence in which this information or set of skills is
presented to a given individual is the main concern of this
investigation,

A computer-assisted instruction (CAI) environment was
chosen for this research because a one-to-one ratio between
the subject matter and the student could be achieved. The
use of a computer standardized the presentation within each
treatment group and facilitated data collection and data
reduction,

A review of studies related to the structure of the
subject matter, methods of sequencing the instruction, and
individual learner differences follows.

et hods r Determini Tagk Structure

A task structure could be defined as the ordered
relationship of sub processes or subtasks which constitute
the task. Various means for analyzing a task into its
ordered units have been proposed. Implicit in these
attempts to impose a structure on a task is the assumption
that following this structure during learning will maximize
the learner’s performance, 1TWo types of structural
analysis: content analysis, and behavioral task analysis
were reviewed,

content analysis. A subject matter expert might
perform the analysis of a given task in terms of the
content to be learned., This type of content analysis may be

referred to in general terms as a “logical” analysis and



may take several specific forms. Ior most academic
oducatioﬁ some variant of this method has usually been
followed.

In the analytic approach content progresses from
general to specific, while the synthetic method reverses
the sequence and goes from specific to general, Time
ordering, sometimes called a chronological sequence, has
also been used. The chronological analysis has generally
been used in subject matter fields like history. Sequence
in terms of a progression of “natural units’ has been yet
another method. This list was not intended to be
inclusive.

Tagk analysis. Behavioral task analysis arose as a
response to military training needs. Miller (1953) was one
of the early proponents of this approach. Basically a
specific behavioral description of the desired performance
must be made and this description can be placed in
categories which have differential training implications.
This approach was expanded tc include the sequencing of
subtasks by Mechner (1967) and Gagné (1962, 1968a).

A behavioral analysis was proposed by Mechner (1967)
in terms of discriminations, generalizations, and chains,
This analysis classifies learning into three behavioral
categories and assumes that this progression of behavior is
necessary for instruction. The behavioral analyst in this
scheme is to imagine a typical student asking questions

about the material to be learned. The analyst then asks
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himself 1f the student would be likely to ask the question,

and i{f so at what level should the question be answered?
In this scheme the analyst is to try to keep in mind the
target population of learners and the set of behaviors the
learners should have available. This analysis is somewhat
subjective, because it depends upon the skill and
perception of the behavioral analyst in determining
characteristics of the learners,

Gagné (1962) proposed a task analysis which would
yield a hierarchy, or ordered structure, of subtasks
necessary before the terminal objective could be reached,
This type of analysis should produce a hierarchy of skills
related to the subject matter. Gagné felt that there were
characteristics of a given task which dictated the
appropriate sequence of learning. In making this type of
task analysis one would work backwards through the task to
determine what was prerequisite of each higher stage. This
type of analysis was proposed as a way of understanding the
learning of subject matters such as mathematics and
science, The structuresof science and mathematics usually
have been considered to be hierarchial,

Recently Gagné (1968a) revised his general categories
of learning which can be represented as different levels in
a hierarchy. The revised sequence for instruction was from
establishing S-R connections to chains (motor and verbal),
multiple discriminations, concepts, simple rules and

finally complex rules. Gagné felt that perhaps even a



ten-year-old child was mainly involved in learning only
rules and corncepts, Presumably all necessary lower
behaviors have been learned by this age. The implication
was that the sequence of concept to simple rule to complex
rule was the only subset of the behavior hierarchy of
interest to the instructional designer concerned with high
school and college level students,

The methods described above were attempts to define
procedures for assigning a structure to a task. A
literature survey indicated that variocus attempts have been
made to validate or invalidate the benefits of an imposed
task structure,

Methods of Sequencing Instruction

Many studies have addressed questions such as whether
to provide branches around certain materials and when to
give review., The current investigation was limited to the
question of the ordering of a set of well-defined subtasks
within a task, rather than investigating the effects of the
size, mimber, or type of items in a set,

Two general classifications of interest arose from
the literature survey. First, situations in which the
sequence of instruction has been determined in advance and
admninigtered to ths student at the time of learning, and
second, those situations where ths student has been allowed
to select his own sequence by interacting with the learning
materials were noted,

Predetermined sequence studies. Most learning



situations have involved a predetermined sequence of
instructicon, The following study was an attempt to show
that an ordered flow was necessary. Gagné (1962) showed an
analysis of the scores at each level of an ordered task for
seven ninth grade boys. The task was to develop formulas
for finding the nth term in a number series. All Ss were
progressed from the lowest level of the task upward through
the task structure toward the terminal objective. The
analysis indicated that for the highest level passed all
lower levels were passed. This study did not provide
positive evidence for the necessity of an ordered sequence;
although some of the deductions were supported, MN
negative instances of the deductions were found. It should
bs stressed that only seven Ss were used and no
comparisions were made to a control group., Although the
necessity of a fixed sequence through the task’s structure
was not disconfirmed it was not completely confirmed
either. 1In contrast, Merrill (1965) did not find it
efficient for $s to achieve mastery at a given level before
proceeding to a higher level, PForcing Ss to review and
repeat a level did not significantly increase scores on a
posttest,

Research on the effects of presequenced academic
tasks has involved most often a comparison to a disordered
or scrambled sequence,

Scrambled sequence studies. There have been a number

of studies (Hamilton, 1964; Levin & Baker, 1963; Payne,
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Krathwohl & Gordon, 1967; Roe, 19623 Roe, Case, & Roe,
1962; and Wodtke, Brown, Sands & Fredericks, 1968) that
used a method of randomizing or scrambling the
instructional sequence from a predetermined ordered
sequerce, Many of the studies (Hamilton, 1964; Levin &
Baker, 1963; Payne et al., 1967; and Roe et al., 1962) have
failed to find any significantly detrimenta) effect of
scrambling a “logical” sequerce. Wodtke et al. (1968) found
slight effects of randomizing thes sequence,

Wodtke et al, (1968) fuuni a small effect of
scrambling ths sequence for an ordered task, a program on
mumber bases. N performance decrement resulted when
another task, a program on the anatomy of the ear, was
presented in a scrambled sequence., The effect of sequence
on the ordered task was most pronounced early in learning,
as reflected by errors made during imstruction, By the end
of the task the randomly sequenced group was actually
making fewer errors than the group which took the task in
thes ordered sequence.

The authors did not conclude that the instructional
designer should entertain the notion of actually using the
method of random sequencing, but rather that the importance
of sejuencing may have been overstressed, especially for
certain types of tasks,

Neidermeyer (1968) reviewed studies on random
sequencing and concluded that at least for relatively short

instructional sessions the importance of frame sequencing



has been overstressed,

Roe et al, (1962) suggested that scrambling the
sequence increased motivation to master the task, and the
increased motivation helped to equate the groups on
terminal performance. The suggested source of this
motivation was task oriented anxiety which was relieved
when the answer was later supplied. Payne et al. (1967)
offered another tentative hypothesis. The latter authors
believed that the students relied on the cognitive
processes of memory and inductive reasoning when they
received a scrambled sequence.

Isarner selected sequences. The first reported study

that allowed the student to select his own sequence through
the learning material was a study by Mager (1961). The
putpose of the original study was exploratory, not
experimental, Mager wanted to see if a learner-generated
sajuence would parallel an instructor-geinerated sequence,
2nd if there were any common sequences selected among
learners.

Six Ss were given neither specific sequences nor
specific objectives in the task, Each § was told that he
could ask any questions that hs wished on the field of
electronics, and that he could also spend as much time as
he wishad at this task., Mager found that the $s 4did not
sequence the material as it was typically sequenced, nor
was the content the same, although there seemed to be some

communality in the segquences that §s followed. Although



all $s claimed no knowledge of the subject matter, it was
found that they daid in fact know more than they admitted,
It was also found that although instructor-generated review
was rebuffed, several students initiated review on their
own and used the instructor as a knowledge of results
mechanism, Mager suggested that the learner’s motivation
was increased as his amount of control or apparent control
over the learning increased, Motivation as used here
apparently means the frequency or vigor of content
approaching responses made by the learner. It was also
held that the meaningfulness of the material was increased
by the self-sequencing instructional method. No claim was
made that the self-sequencing instructional method was
more efficient or effective than a pre-selected sequence.
Such a claim could not have besen supported by the design
used, It must be remembered that the six $s generated not
only their own sequence but their own objectives as well,
It should be noted also that since no specific objectives
were given, the student learned only as much as he desired
to learn and only those aspects which were of interest to
hin,

In another study (Mager & McCann, 1961) highly
specified terminal objectives were used with graduate
engineers in an industrial training situation, and the
effect of student-selected sequencing was assessed, In
Comparison to a formal coume.group used previously, the

training time was reduced 65 percent, The graduates
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appeared better trained; and the sequences they selected,
as well as the content, varied greatly among students, It
was reported that in no instance did a self-selected
sequence parallel that of the formal course. The formal
course previously taught was considered by the authors to
be individualized, because the class mumbered from four to
eight in size; however, the first six weeks of the formal
course was taught by the lecture method, It is doubtful
that many people would have felt this formal course highly
individualized. Presumably the large reduction in time for
the self-sequenced group was due to not having to cover
material already learned., The $s were engineers and
supposedly had varied entering bshaviors and knowledge.
The question remains regarding how to account for the
subjective rating of the manager that ths self-selected
seguence group was superior, Was this group better
trained, or could they have instead bsen more eager and
interested?

Mager & Clark (1963) reported a study (Allen &
McDonald, 1963) which taught the pieces, rules and
strategies of a game by two methods, One method was a
linear program while another group was given a list of the
objsctives and told they could ask any questions that they
wished of the instructor. Although the inquiry group
followed no obviocusly systematic sequence, the terminal
performance was almost as good as the linearly sequenced

group with the additional advantage that learning occurred
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in half the time that it took the linearly sequenced group,
It was not clear whether this task could be considered to
have an ordered structure and no statistics were reported
by Mager & Clark.

Cambell & Chapman (1967) reported a fairly
comprehsnsive study using 218 Ss in the fourth and fifth
grades for a period of ons full school year, Learner
control and program control of instruction were used as the
two experimental conditions. Both groups were shown the
structural relations and given the specific objectives as
well as being provided with feedback from both program
responses and practice problems for evaluation of their own
performance., Self-initiated review was allowed. Test
performance throughout the eight month course, as well as
on a retention test given five months later, showed no
group difference. The objectives were stated as principles
rather than performances and short programmed segments as
well as film strips were used as instructional materials,
The nine main units were taken one at a time in sequence,
and although 70 percent to 80 percent of the class time was
used for the individualized learning experiences, the
remaining time was used in group discussions. It should
also be mentioned that the subject matter was geography,
and might not be considered a: ctructurally ordered as
science or math. It was found that relative to the program
control grup the learner control group had a significantly

increasing trend in performance over the units, The



12
program control group also did more out of clasa work
during the first half of the course; although, the
magnitude of this extra work could not be assessed. The
extra work might be reflected in an efficiency measure
yielding more efficient learning for the learner control
group, since there was no significant difference in
terminal performance or retention, A self-report
questionnaire was administered, and it was found that the
learner control group gained significantly more in interest
in learning about geography and preference for directing
one’s own learning experiences.

Consideration of Individual i fferences

To consider an individual as a unit distinghishable
from a group of learners one must have means of
distinguishing among learners., A dimension which has shown
some validity in discriminating among individuals in their
learning ability has been the area of cognitive ability.

Ferguson (1954) was one of the early investigators
who gave the rationale for the use of abhilities in
learning. Abilities, which can be considered generalized
8kills, could have an effect on performance in a learning
task by means of transfer., If a certain ability were called
upon in a task, then 88 which had different levels of this
ablility should perform differentially in the task.

Games (1962) used a rational approach to determine the
role of two memory abilities in learning a mumber of verbal

tasks. Rather than having factor analyzed the learning
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scores and the six tests used to mark the two memory

factors together, Games used factor analysis techingques on
the six marker tests to get a two factor space then

pro jected the learning measures into this factor space. By
using a factor extension procedure, Games was able to
concentrate on the relationship of his learning measure to
the factorially defined abilities,

Binderson (1967) used a guantative approach similar
to that of Games, but an analysis of the roles of abilities
was based on a considerably different rationalle, From an
information~-processing model, three higher-order processes
were postulated and certain ability measures deemed
important to these processes were selected. Support was
given to the information-processing model by the
di fferential relationship of the abllities at different
stages of practice in the learning task.

Dunham & Bunderson (1969) have shown the effect of an
instructional variable on the relationship of cognitive
abilities to performance in a concept learning task. One
group was given the rules necessary to classify correctly
the stimuli while another was not. Each group was divided
into solvers and nonsolvers, and a discriminant analysis
for the solvers was computed using the factors found from
administration of a test battery of ability measures, It
was found that S8 with a particular ability were successful
under one instructional condition, and Ss with a different

abllity were successful under another condition.
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The implications of the study by Dunham & Bunderson
(1969) are of particular interest, If it were agreed that
it were desirable to maximize performance on a set of
criteria, then the most efficient way to achieve this goal
may be to cgive instruction appropriate to the ability
profile of an individual, It has not been implied that a
person’s ability structure could not be changed or that it
might not be fruitful to enhance some abilities, Nothing
was implied other than that perhaps the most rapid means of
attaining the desired criteria was to tailor the
instruction to the individual based upon his particular set
of generalized skills or ahilities,

Predictive power was gained by hypothesizing a set of
abilities important in a task or given treatment., The set
of abilities was derived by an analysis of the cognitive
processing required., Dunham & Bunderson (1969)
discriminated groups on the basis of the factorial ability
measures while Wodtke et al, (1968) who used the Scholastic
Aptitude Test obtained no such discrimination,

The nature of relationships between the cognitive
abllities and variations in learning task structure has not
yet been shown. There has been some indication of a
performance increase when the task structure and the
sequence of instruction were similar, The current study
was in part an attempt to synthesize the available
information and clarify the relationships among the three

areas.
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The Interrelationships

The relationship between task structura and instructional
seguence was not clarified by the literatura search, It has
been shown that there are various ways of assigning a struct-
ure to the learning task. The lack of a relationship between
the assigned task structure and instructional sequence, in
terms of the learner’s performance, could be due to the
method of determining the task structure. If the instruc-
tional sequence were unrelated to learning performance then
one would not expect to f£ind some sequences improving a
group’s mean performance, hut a few studies have indicated
a performance increase for certain sequences and tasks.

Another possible explanation exists to account for the
inconsistent findings of studies investigating instructional
sequence., If an instructional sequence were best determined
idiosyncratically, as was done in the self-selected
sequence studies, then a relationship between task
structure and instructional sequence would not always appear,

Structural analysis. At first the Gagné method

appeared to be superior to the other methods for
determining the task structure, since it was more objective
and nad received some empirical support. However, when the
Gagné analysis was used by this author and others at The
Univorsiﬁy of Texas, low inter judge reliability of
structure determination resulted., The experience gained in
trying to perform a task analysis which used the Gagné

method led this author to look for a more reliable method
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than an analysis of the ‘learning hierarchy”, This low
inter judge reliablility of structure determination may have
occured since the skills to be learned were restricted to
two of the highest levels in the Gagné hierarchy, concept &
principles. Gagné has not suggested any analytic
procedures to work within a given level of his hierarchy.
Recently Gagné (1968b) recommended that an empirical
determination of the sequence be made. He implied that no
general rational approach which assumes that the resulting
structure represents positive transfer relationships can be
used to determine sequence, The effect of this empirical
approach would bs to greatly lengthen the time necessary to
develop an instructional sequence, and often make it
infeasible.

The following method was defined as an attempt to
determine the structure of a task which would be objective
and would lead to an ordering of steps which would be
reprodicable reliably,

If one starts with the termminal objective and asks
what is the first processing step that should be performed
to achieve the terminal objective, then asks what are the
succeeding steps one at a time, one can derive a flow of
information processing that must occur to reach the
terminal objective. This analysis takes a highly specific
teminal objective and breaks it down into a set of
processing steps which are ordered by inputs and outputs,

Process step 'x” would be ordered before process step Yy
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1f the output of step x were required as input to step
2

The clearest way to demonstrate this procedure is to
apply it to a well defined task,

The task used in this study was considered to be the
learning of an algorithm, because rules of computation were
learned, The terminal objective for the student was the
same objective used by Merrill (1965) and is described
later. To achieve this objective, $§ needed to use
different computational rules in a speci fic sequence.

An imaginary science. The imaginary science called

the Science of Xenograde Systems (Merrill, 1965) was chosen
for this study. The science can be used in research to
bridge basic learning research on one side and curriculum
development on the other. The science has the properties
of both being somewhat meaningful while having good
experimental control,

or years researchers investigating verbal learning
have used nonsense syllables for research. This artificial
sCience material has bsen used to prevent experimental
contamination from S8 prior experience with the materials,
It was hoped that this imaginary science task would serve
the educational researcher interested in concepts,
principles, and problem solving in much the same manner
that ths nonsense syllable task has served the verbal
learning researcher. In addition, learning sets and

different abilities may exert their effects uncontaminated
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by prior task knowledge. It was extremely unlikely that S
would already have knowledge of any of the course content,
Making the assumption of no prior knowledge by § allows an
experimenter to bypass the pretesting of the science and
represents a saving in time. Assuming no prior knowledge
by S also preserves the gquantity of available Ss, since
none have to be discarded because of prior familiarity with
ths content.

The newly defined procedure of information-processing
analysis was followed to produce a flow diagram of the
Xenograde Science as shown in Figure 1, Figure 1
represents & final version; the first attempt produced a
less efficient algorithm. The process used to achieve this
final diagram was an iterative one with several revisions
before arriving at the end result, There might be a more
efficient algoritim than the one in FMgure 1, but this one
appeared good. The next atep was to program the algorithm
in the Portran IV programaning language. To test the
rationality of the flow diagram the program was executed by
a computer. The resulting output was checked for many
different initial conditions and the program consistently
produced the correct results. Support thus was provided
for the validity of the algorithm, The computer program
was not a necessary step in testing the rationalty of the
diagram. A careful testing of the diagram by using
different initial conditions and stepping through the
diagram performing the indicated procedures would have been



Begin, Print

Initial Conditions

Dist. Change =
F.F. x ACS
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-

Increase Time

by one

!

New Distance =

Last Distance

- Dist. Change

Refinltions

ACN = Alphon Count of Nucleus
AC8 = Alphon Count of Satellite

Dist. = Diatance
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